A newly described mutant gene in Drosophila melanogaster suppresses the phenotype of the black mutation b (2-48.5), which is known to cause melanization of the cuticle through a deficiency of 13-alanine. The semi-dominant suppressor, Su(b) is X-linked and maps at 1-55.5 adjacent to or within the rudimentary locus(r) controlling the level of the first three enzymes in the biosynthesis of pyrimidines. The suppressor of rudimentary, su(r), known to block the degradation of uracil to ~alanine, enhances the melanization of the cuticle in the black mutant flies. This suppressor su(r) is epistatic over the suppressor of black resulting in an enhanced melanization in su(r) Su(b); b flies.
INTRODUCTION
The mutant black of Drosophila melanogaster has a black body colour and light pupal cases. This mutant phenotype is caused by a deficiency in 13-alanine, which normally is involved in the tanning and melanization of the cuticle (5, 9, 10) . Thus brown coloured pupal cases and wild type body colour are obtained by feeding the mutant larvae [3-alanine (5) . The dark cuticle colour in the black mutant as well as in the ebony mutant apparantly results from the polymerization of indole-5,6-quinones to melanin (23) , whereas this condensation is prevented in the wild type by the presence of I~-alanine (6, 10) . In the wild type 13-alanine also promotes the cross-linking of the quinones of N-acetyldopamine to protein in the tanning process (10) .
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The pupae of the black mutant contain about half the wild type amount of [3-alanine in the hemolymph and only 10% of wild type amount in the cuticle (26). A normal amount of 13-alanine in the cuticle is restored when the recessive suppressor of black su(b) mapping at the tip of the Xchromosome (1-0.0) is present in homozygous form. In the absence of the black gene the suppressor causes a doubling of the concentration of 13-alanine in the hemolymph and a supranormal amount in the cuticle (26). The amino acid [3-alanine seems metabolically derived from either uracil or aspartic acid (8) (cf. Figure 1 ). The only enzyme so far assayed in the black mutant is hydropyrimidine hydrase catalyzing a step in the catabolism of uracil and it was found to be present in wild type amounts (4) . It therefore remains unknown which step in 13-alanine formation is blocked by the black mutation.
In a search for additional mutants, which can suppress or enhance the effect of the black mutation a new semi-dominant suppressor was identified and mapped to the X-chromosome at position 1-55. 5 . The thymine analogue 6-azathymine has previously been shown to inhibit the dihydrouracil dehydrogenase of rat liver (15) and to prevent the degradation of uracil in mice resuiting in a large excretion of this pyrimidine in the urine (19). It was therefore tested in feeding experiments on wild type Drosophila and found to give partial phenocopies of black. This indicates that a deficiency of [3-alanine resulting in black cuticle colour can be effected by blocking the catabolism of pyrimidines. An altered degradation of pyrimidines has previously been identified in the suppressor mutant ofrudirnentary, su(r) (1) . This mutant is unable to convert uracil to dihydrouracil and 13-alanine, indicating a defective dehydro-uracil dehydrogenase EC 1.3.1.2 (cf. Figure 1) . The interaction of this suppressor mutation with the black mutation was studied and the suppressor found to have an enhancing effect on black. The suppressor of rudimentary, su(r) provides increased resistance to 6-azauracil; an analogue causing rudimentarylike phenocopies in the wild type (3, 20, 27) . This compound was accordingly also tested on the black mutant and found to prevent melanization.
MATERIALS AND METHODS

Isolation of the suppressor of black Su(b)
The 
Mapping of the Su(b) gene
The mutation was mapped with the aid of the following crosses of homozygous black flies:
The distances between the loci were calculated from the crossover classes among the F 2 males.
Construction of a su(r);b strain
The following crossing scheme was applied: 
Feeding with 6-azathymine and 6-azauracil
The strains were maintained on standard yeast sucrose medium, while the test medium, Eledon minimal medium, was made up according to NORBV (17) and the inhibitor added to the medium during its preparation. The analogues 6-azathymine and 6-azauracil were obtained from Sigma, USA. Figure l. Enzyme defects caused by mutants and analogues in the biosynthesis and degradation of pyrimidines in Drosophila. (13-AIBA = ~-amino isobutyric acid; ~UIBA = 13-ureidoisobutyric acid).
Determination of cuticle reflectance
For a quantitative analysis of the effect of the different mutant gene combinations the reflectance of the thorax cuticle was measured through a stereomicroscope with a photodiode according to the method of BARR and PEDERSEN (2) . The shade of the cuticle is measured in mV by a voltmeter (Philips digital multimeter PM 2517E). In the diagrams reflectance is expressed in % of wild type, 100% corresponding to the average of the reflectance exhibited by Oregon R wild type flies which have been raised on standard yeast sucrose medium. Usually 10 to 25 flies were analysed per treatment in the feeding experiments and care was taken to use for measurement only clean and undamaged flies. 
RESULTS
Mapping of the suppressor of black Su(b)
Body colour was evaluated visually as well as objectively by measuring the reflectance of the cuticle with a photodiode (2). In Figure 2 (Table II) (Table II) . The third cross (Table III) 
Feeding experiments with 6-azathymine
A supplement of 6-azathymine in the food for wild type Drosophila larvae of strain Oregon R produces black body colour of the adults although the phenocopies are not quite as dark as the black mutant (Figure 3) . On the other hand the phenocopies show a distribution of melanized areas which is identical to that of the black mutants. Flies homozygous or hemizygous for the black mutation do not react towards 6-azathymine with a changed cuticle colour (Figure 3) .
When the suppressor of black, Su(b), is present in individuals either homo-or heterozygous for black, b, there is no response to feeding of 6-azathymine, i.e., the cuticle retains its wild type colouration (Figure 4 ). In this case flies of the attached-X/Y; +/b genotype served as control and responded readily with melanization upon feeding increasing amounts of 6-azathymine. It can be concluded that Su(b) provides resistance against melanization by 6-azathymine. 
The interaction of the suppressor of rudimentary su(r) with black b
Flies homozygous for black and homozygous for the suppressor of rudimentary were obtained from the cross listed under 2. 
Feeding experiments with 6-azauracil
Amounts of 5 mM-6-azauracil in the food given to the larvae of the mutant black allows an almost complete normalization of its cuticle colour ( Figure 6 ). This compound is, however, unable to prevent or decrease the extreme melanization caused by the combined action of the black mutation and the su(r) mutation. Wild type flies react slightly and homozygous or hemizygous su(r) flies (in the absence of b) do not react to 6-azauracil in the larval food with a changed cuti- While the su(r) flies are quite resistant to the analogue only three Oregon R flies survived the treatment with 5 mu-6-azauracil. (Figure 7 ). It should be pointed out that only few larvae can complete their development to an imago on food with the higher concentrations of 6-azauracil tested (Tables IV and   V) . Larvae homozygous for su(r) and b have a considerable higher survival rate on 6-azauracil containing media than the other genotypes studied.
DISCUSSION
The pathway of the biosynthesis of uracil and thymine as well as the pathway of the degradation of these two pyrimidines into 13-alanine and into 18-amino isobutyric acid is diagrammatised in Figure 1 which also lists the mutants in Drosophila melanogaster defective in specific steps of the pathway and the known effects of substrate analogues on wild type and mutant larvae. The rudimentary locus controls the level of production of the first three enzymes in the biosynthesis of uracil (11, 18, 22) flies have in addition to the enhanced black cuticle a dull red eye colour. This may be due to the accumulation of orotic acid and other intermediates in pyrimidine biosynthesis which could interfere with eye pigment synthesis. Eye mottling in the rudimentary-like flies has been interpreted along these lines (3, 20) . In the following it will be analyzed to what extent the effects of substrate analogues on cuticle melanization can be fitted into the metabolic model provided by the analysis of the mutants. In Drosophila, wild type and black flies decompose l(~4C)-aspartie acid to the same extent (8) . In Musca 56% of 13-alanine is synthesized from uracil and 24% from aspartic acid (25) , but these tracer experiments cannot decide whether the synthesis of 13-alanine from aspartate occurs via uracil or directly by ct-decarboxylation. Normal cuticular coIouration is induced equally well by injection of [~-alanine, uracil, dihydrouracil and N-carbamoyl-I$-alanine into newly emerged adult Drosophila flies homozygous for the black gene (8) . Thus endogenous regulation of the ariaand catabolic pathway of uracil should modify the availability of 13-alanine and the cuticle tanning. 6-Azathymine inhibits dihydrouracil dehydrogenase (15, 19) . This inhibitor causes in wild type flies partial phenocopies of the black mutant ( Figures 3, 4) in agreement with the expectation that part of 13-alanine for cuticle tanning is provided by degradation of uracil. The inhibitor has no effect on the normal cuticle colour in flies containing the Su(b) gene (Figure 4 ).
As these flies are believed to overproduce uracil and thymine their resistance to 6-azathymine may be due to effective dilution of the inhibitor by the natural substrates. Unexpectedly, the thymine analogue has no enhancing effect on the melanization in the black mutant (Figure 3) . The dihydrouracil dehydrogenase inhibitor thus cannot substitute for the su(r) mutation blocking the reaction catalyzed by this enzyme.
The uracil analogue 6-azauracil does not influence the degradation of uracil in mice (19) but may enhance its catabolic rate in the cocklebur plant (24). 6-Azauracil normalizes the black cuticle ( Figure 6 ) which would be explainable by an increased catabolism of uracil to ~-alanine. It has a small darkening effect on the cuticle colour of the wild type but no effect on the su(r) flies (Figure 7) nor on that of the su(r); b flies. The latter flies are however helped to a better survival by the compound. The normalization of black by 6-azauracil and the induction of melanization by 6-azathymine that is by compound effecting the same enzyme indicate complex effects of these analogues which cannot be interpreted without further detailed biochemical analyses. Finally it is known that 6-azauracil produces phenocopies of the rudimentary-like mutants (3, 27) and that this can be prevented by the presence of su(r). It was mentioned above that the introduction of a rudimentary mutation in the Su(b); b strain results in a black cuticle. This can also be achieved by feeding the transition state analogue phosphonacetyl-L-aspartate (7) of aspartate carbamoyl transferase (L. SONDERGAARO and E.
BAHN, personal communication).
The interpretation that the semi-dominant suppressor of black, Su(b) , in Drosophila is a mutant of a regulator gene for the pyrimidine synthesis within or adjacent to the rudimentary locus points to similarities with the PPR1 gene in the yeast Saccharomyces cerevisiae (13, 14) . This gene is not linked to the five genes coding for the enzymes involved in the synthesis of uridine monophosphate, but functions as a regulator in the de novo synthesis of pyrimidines. The semidominant pprl mutation causes a constitutive overproduction of the dihydro-orotate dehydrogenase and the orotidine-5-phosphate decarboxylase coded for by the URAI and URA3 genes, respectively (13, 14) .
It will be of interest to determine if the Su(b) mutant gene in Drosophila causes an overproduction of carbamoyl phosphate synthase, aspartate carbamoyltransferase and dihydro-orotase and whether this suppressor gene is located within or adjacent to the rudimentary locus.
